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In an earlier paper1 the present writer discussed the question
of discrimination of visual detail in animals, in its bearing on
other problems of vision, and on that of vision as a factor in
evolutionary theories. In attacking experimentally the four
elementary problems suggested in that paper, the first question
to be settled is, how large must the pattern be, the degree of
contrast being given, in order for the animal to distinguish the
pattern from a plain field, having the same area, form, range of
wave-lengths and luminous intensity as the field on which the
pattern appears. This information is necessary before one may
safely assume that two patterns to be discriminated one from the
other, are both distinguishable as such. The "pattern to be
distinguished from the plain field in the present work is simply a
series of horizontal black and white striae of equal width with res-
pect to each other, but whose absolute width may be varied by
insensible gradations from invisibility to marked coarseness
without changing any other stimulus-factor.
The writer chose as subjects the dog, the monkey and the
chick (Gallus domesticus). The choice was dictated partly by
an interest in the relation between visual acuity and the structure
of these different types of eyes, and partly by a desire to add
further data to those already accumulated by other students in
other problems of vision in these animals. The present work (on
pattern-vision in general) promises to extend over a considerable
period of time, and it seems best to publish the results in a series
1
" Visual Pattern-Discrimination in the Vertebrates." I. Problems and Methods.
This Journal, vol. 4, 1914, pp. 319ff.
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of separate papers as individual problems are completed. In a
later communication I hope to discuss some results obtained by
other students in the light- of results of the present work.
As is well known, the dog's eye is very imperfect in some
respects. The imperfections are not so much those inherent in
his eye as a refractive system as those of lack of development
and imperfect functioning of other parts. According to Slonaker2,
the dog's eye possesses no fovea, and even the " sensitive area "
is not well defined. Slonaker was unable to demonstrate a
round " sensitive area " slightly temporal to the nerve entrance,
which Chievitz described; and he mentions the disposition of
the blood-vessels as indicative that the area is band-like. The
pupillary opening is always large; the response to light is fairly
quick but not strong; movements of rotation are very slight.
The writer has demonstrated convergence in several individuals,
however.
The monkey's eye, like those of the other primates below man,
possesses a well defined, round " sensitive area," and a well
developed fovea centralis (slightly temporal to the nerve-entrance)
of medium depth, as measured in the number of layers of cells.
The pupillary opening is small in strong light; responses to light
are quick and strong; pupillary changes apparently accompanying
changes of accommodation are marked. There is unmistakable
convergence; rotatory movements are coordinate, but are more
limited in range than are those of the human eye. This is
probably due to the fact that the orbit is deep and the eyes are
set rather deeply in it.
The chick is said by Slonaker to have so shallow a depression
as to be very doubtful; he found only a slight thickening in
the region where Chievitz reports an area nasalis and a question-
able fovea nasalis. Birds in general are characterized by the
presence of a fovea, and in some species, such as the tern and the
sparrow-hawk, there are two; one temporal and one nasal.
The temporal fovea may be regarded as a modification of the
fovea centralis, considerably displaced. Due to the position
of the eyes in the head, some birds which possess it cannot make
close convergence. By dilating the pupil it is possible to image
an object lying directly in front of the bird, on to both temporal
2
 Slonaker, J. R., "A Comparative Study of the Area of Acute Vision in Verte-
brates," Journal of Morphology, vol. 13, 1897, pp. 448 ff.
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foveas simultaneously, without much convergence. Objects
placed laterally to the bird may be imaged on the nasal fovea
and are often, if not usually, regarded monocularly. The chick
is thus not fairly representative of birds as a class. Its eye
shows convergence, and pupillary changes under conditions of
varying illumination and varying accommodation are marked.
Movements of rotation except for convergence are slight, how-
ever, and seldom made.
As has been mentioned, the two test-fields for this problem
were both striate, in the horizontal direction. On the standard
field the individual striae were about 0.11 mm. wide, and it was
assumed that at the distance given they were too small to be
resolved by the eye. On the variable field, which was inter-
changeable with the standard field, the striae were larger, the
actual size in millimeters for each day of the experimentation
being shown in the accompanying tables. The test-fields were
prepared by using two pairs of superposed gratings, mounted as
described in the paper by the present writer cited above. Each
field was limited by a circular window 6 cm. in diameter, beveled
in an acid-blackened brass plate, which was placed behind the
window of the Yerkes experiment-box, with the test-object
close behind it. The test-objects were mounted at the windows
in the end of a two-compartment photometer-box, essentially
like that described by Yerkes and Watson.3 Behind each test
object, in the compartment belonging to it, was mounted a 60
watt Mazda lamp, whose carriage rested on the photometer
track. Between each lamp and the test-object which it illuminated
was placed a diffusing screen of opal flashed glass, protected from
reflected light by diaphragms, and fixed to the track close behind
the test-object. The lamps were connected in multiple and
burned at normal voltage, the current being taken from a system
of 25-ampere storage cells. A voltmeter and rheostat connected
in series with the lamps enabled the experimenter to keep the
current constant. The test-fields were equated in brightness by
placing the lamps; their brightness was determined by the use
of a Sharp-Millar photometer, as 12.24 candles per square meter.
Considered as sources each field had a luminous intensity of
0.034 candles in the direction normal to its surface. The bright-
3
 Yerkes, R. M., and Watson, John B., " Methods of Testing Vision in Animals,"
Behavior Monographs, vol. 1, No. 2, 1911.
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ness used is a comfortable reading condition for the human subject.
We have no reason for assuming that it was or was not optimal
for any of the animals used. It will be remembered that each
test-object could be made to present a sensibly uniform or a
sensibly striate field by changing the angle of rotation of the
gratings over each other. This change is made between limits
determined by the setting of two stops with a micrometer screw,
by moving a lever attached to the mounting. Change of the
size of the striae does not alter the mean brightness of the field.
Hence the test-objects are not interchanged when it is desired
to interchange the fields, and any changes in brightness, range or
relative intensities of wave-lengths, odors, etc., which a test-
object might suffer, could not aid the animal in forming a dis-
crimination habit. They would be presented with the negative
field as often as with the positive field. For this reason repeated
photometric measurements are unnecessary. It is unlikely
that any changes take place save the decline in efficiency of the
lamps, which progresses slowly and at a fairly uniform rate between
wide limits. The writer observed no sensible changes in the
experimental conditions during the work on this problem.
In these experiments I used the well-known discrimination
method, combining the motives of punishment and reward. By
referring to Fig. 6 of the earlier article cited, the reader may see
the floor plan of the Yerkes box which I used. Food was placed
in both food-compartments, Rfb and Lfb. Entrance to the
food-boxes had to be made through alleys A2 and A1 respectively,
at the ends of which the respective test-fields appeared. Each
of the alleys was floored with a punishment grill essentially like
those described by Yerkes and Watson (op. cit. P.) and by
Yerkes.4 The grills were hinged to the floor of the box at the
ends next the test-objects, and supported at the free end by a
light spring. A rod passed through a sleeve fastened to the under
side of the true floor of the box and wras kept in contact with the
under surface of the grill by means of the supporting spring.
A mercury cup contact, insulated from the rod, was carried by
the latter. The circuit through the signal lamps indicated in
the figure was kept closed at this contact until the animal stepped
on to the punishment grill and depressed it. This broke the cir-
cuit through that signal lamp, and enabled the experimenter
* Yerkes, R. M , " The Dancing Mouse." N. Y., Macmillan, 1937.
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to ascertain what choice the animal made without watching the
animal in the act of choosing. I consider this feature important,
since it enables the experimenter to avoid giving certain secondary-
cues to the animal. I adopted the device at the suggestion of
Professor Watson, who had been using a similar one for some time.
The entrance-doors to the food-boxes Rfb and Lfb are con-
trolled by rods indicated in the diagram, which pass to the experi-
menter's station. These doors are kept closed against the animal
until the latter shall have entered the proper entrance-alley,
which fact is indicated by the signal lamp. After the animal has
passed into the food-box, the entrance-doors are closed behind
him, and he is readmitted to the home-box through another
door opening directly into it. This door is also controlled by
rods which are not indicated in the sketch. It is unnecessary
for the experimenter to touch the animal during the daily series.
Except for the light from the signal lamps passing through
pin-holes made in the boxes in which the latter are placed, all
the surroundings of the test-fields were dark when the stimuli
were presented. (The walls and floors of the experiment-box
are painted dead black.) This does not indicate conditions of
dark adaptation, however. A 1 c.p. lamp with a frosted bulb
is mounted in the top of each food-box. It is protected by a
metal shield, so as to exclude direct light, as far as possible, from
the animal's eye, and is so placed that the animal is turned away
from it while eating. This lamp was not switched on until the
animal had made his choice. Two such lamps were similarly
mounted in the home-compartment H. They were switched on
and the lamps in the food-boxes switched off, after the animal
had finished eating and the settings had been made for the next
trial. The lamps in H were switched off before the exit-door
was opened. All the animals quickly learned to pass from the
dark compartment into the illuminated one, as soon as the doors
were opened, and without other attention from the experimenter.
The criterion of choice was the animal's entering a given alley.
Should the animal enter the wrong alley he was not disturbed
but was admitted to the proper food-box when he voluntarily
entered the proper alley. The choice in such case, however,
was recorded as incorrect. In this work the distance between
the test-object and the animal's eye is a necessary factor. The
experimenter prepared a number of stops extending across the
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compartment introductory to the alleys, and placed them so
that the animal could not bring the eye nearer than 60 cm. to
the test-object without overstepping the stop and stepping on
to the punishment grill. The setting of the stop used was different
for each animal. This rendered the accommodation-factor the
same for each animal.
All the animals were punished for incorrect choices by placing
inductive charges on the electrodes of the punishment grills.
The current was taken from a 110 volt A. C. power circuit, a
100 watt lamp placed in another room being connected as resis-
tance in series with the primary coil of a Zimmerman inductorium.
The position of the secondary coil with reference to the primary
could be varied at will, the setting being shown on a scale belong-
ing to the instrument. There is much less disturbance with this
arrangement than where D. C. is used with an interrupter. In
previous work I found the noise from the interrupter quite
disturbing, and the interrupter also worked uncertainly at times.
In the first few weeks of this experimentation I charged the grill
under the negative test-field before releasing the animal from
the home-box. The circuit through the primary coil was kept
closed throughout the daily series of trials. Later this arrange-
ment was found quite unsatisfactory, as will appear in remarks
on the behavior of the dog. I then changed the wiring so that
the circuit through the primary was kept open until the animal
closed it by stepping on the grill and thus depressing it. This
prevents the animal from testing the two grills for charge, and
acquiring a discrimination-habit on that basis, rather than on a
visual one. The shock under the latter condition is quite
different in character from that under the earlier conditions.
Under the latter, there is a pronounced " inductive kick " at
the instant the primary circuit is opened or closed. This is
disturbing at first, but has one advantage, the animal tends to
leave the alley at once, rather than remain on the grill and receive
more punishment. The charge, of course, must be made con-
siderably lighter than under the former set of conditions. Before
each daily series of trials, I soaked the animal's feet for several
minutes, so that they remained moist throughout the series.
I could not use a wet pad in the box, owing to the character of
the wood, which warps very easily. But the shock conditions
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remained as controllable as it was practicable to make them under
the circumstances.
The levers by which the stimuli were interchanged were
attached by strings running through a pulley-system to the handle
of the double-throw switch which controlled the charge on the
respective punishment grills. Thus, by merely turning the switch,
the respective positions of the positive and negative fields were
interchanged. It was thus made impossible for the animal to
receive a shock under the positive test-object, or to avoid it if
he stepped into the alley under the negative test-object. A
further slight change in the apparatus would have made it safe
in the hands of an inexperienced student. That is, installing a
wiring system by which the entrance-doors to the proper food-
compartment would open electro-magnetically when the animal
entered the proper alley.
The order of presenting the standard field to the right or left
of the variable field was determined before each series by the
use of a well shuffled pack of twenty cards. The only exception to
the rule of strict irregularity of presentation was that the two fields
should not occupy the same position with respect to each other
through more than three successive trials during the learning
period, and not more than four successive trials during the ad-
vanced stages of discrimination. The animals practically never
received the stimuli in the same serial order. Of course, in twenty
trials the standard field would appear ten times to^the right and
ten times to the left of the variable field.
The following animals were used in the work herein reported:
Dog 1: a pure bred male English bull terrier; six months old
at the beginning of the experimentation.
Monkey 1: an adult male Cebus, variety not established;
purchased from a dealer. He died before learning the problem,
but certain features of his behavior are noteworthy.
Monkey 2: a male Cebus, nearly full grown, but not sexually
mature; variety not established; purchased from a dealer.
Chicks 1 and 2: both pure bred Indian gamecocks, six months
old at the beginning of the experimentation; bred by Robert
Stedman, Beachland, Nottingham, Cleveland, Ohio.
All of the animals were easily tamed, and none except Chick 1
showed any great excitability in the experiment-box. All were
kept free in the same large, well-lighted room, steam-heated and
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with forced ventilation. The floor was kept covered with a layer
of sawdust 2 inches thick, in the interest of cleanliness. All the
animals, with two exceptions, remained in excellent condition
throughout the work. Monkey 1 was active and playful on the
morning of his death. The cause of death was not ascertained,
but the most plausible guess is that he became overheated and
fell to the floor from an overhead steam-pipe, on which he habit-
ually slept. Chick 2 was the smaller of the two gamecocks and
sustained severe injuries in fighting the other bird. On February
9, while in a crippled condition, he was also attacked by Dog 1
and sustained several deep scratches, some of which required
several stitches. They were properly treated, however, and
healed without infection, and without serious disturbance of
the work.
The learning records of the different individuals appear in
Tables 1 to 4, inclusive. Certain noteworthy features of the
behavior of the different animals must be noted separately
The dog's learning record up to and including January 7, when
the problem ordinarily would be regarded as " learned " is
unusual. Up to the introduction of punishment he was not
affected by the stimuli. From the day when punishment became
effective the learning curve descends abruptly, showing very
short plateaux and no reversals . This, as far as I have observed,
is hardly characteristic of acquisition of a discrimination-habit.
An earlier (unpublished) experiment of mine on visual form-
discrimination in the dog, which I expect soon to describe in
another report, and the behavior of some blind dogs which I
worked5 in comparison with normal dogs, tended to make me
suspicious of this dog's record. At the time, however, I could
find nothing to warrant the suspicion, and in good faith I reported
the dog's results6 as indicating that the method of making such
tests is reliable. On January 26, after the test-bands had been
reduced to about 40% their original size, I noticed that the dog
sniffed several times at the entrance of each alley before he made
his choice. Dogs under conditions of excitement often sniff
apparently to release surplus energy, but this animal was making
perfect records and did not show any other forms of excitement.
'Johnson, H. M., "Audition and Habit-Formation in the Dog," Behavior Mono-
graphs, No. 8, 1913.6
 "A Method of Testing Visual Acuity and Pattern-Discrimination in Animals,"
Psychological Bulletin, vol. 11, 1914, pp. 55 S.
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It is clear that sniffing for odorous food-substances could serve
no useful purpose, as food was present in both food-compartments.
It occurred to me that the dog might be testing the punishment
grills for charge in some way, and choosing the alley whose floor
was not charged. I therefore introduced an additional key in
the secondary circuit, so as to leave both grills uncharged until
the dog should step on to the wrong one, when I would close the
circuit by hand. As the record shows, the suspicion was well
grounded. The animal's subsequent records weaken the suppo-
sition that the animal had ever been discriminating on a visual
basis. I now changed the wiring so that the circuit through
the primary is left open until the animal closes it automatically
by stepping on the wrong grill. Throughout the rest of the work,
on each individual, I took the additional precaution of testing
the secondary circuit with the fingers before each trial, to make
sure that the primary circuit was open. The tungsten-mercury
contact would occasionally fail to break.
The nature of the dog's test for charge is an interesting question.
It is improbable that he was touching the electrodes with his
nose. That happened once or twice in the preliminary stages of
the work, and the reaction was negative and violent. At this
stage the signal-lamps did not flicker save when he stepped on
to the grill. Unipolar stimulation of the nose is possible, but it
is hard to suppose that he could control his movements accurately
enough to avoid bipolar stimulation while seeking unipolar
stimulation. The current used was not strong enough to be
markedfy unpleasant to the moistened human fingers, but the dog
usually howled when he received it through his wet foot. His
nose is always damp, and is apparently more sensitive to shock
than the foot. I ascertained that his vibrissae are too short for
him to touch the electrodes with them without bringing the nose
or lips uncontrollably near. They or the hair about the lips
might have been so affected by the electric field as to give a
sensory response, but in this connection it is well to note that
they were usually wet. Dr. Lorenz of this laboratory was kind
enough to go over the situation with me when I consulted him
regarding the possibility of ozone or some odorous gas similarly
generated being in the charged field. He informs me that with
the difference of potential which in this case existed between the
charged electrodes, ozone in minute quantities would certainly
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be present. It therefore seems possible that the dog was reacting
to olfactory stimulation from ozone or some other odorous gas
formed in the charged field. Bearing in mind his pronounced
sniffing behavior, this seems the simplest explanation.
The sniffing responses persisted for a long time and were
never entirely overcome. After this change in the wring in
over 67% of the times when the animal sniffed during a trial
the choice was wrong.
The evidence obtained in this work is not conclusive against
the dog's possessing sensitivity to visual detail. The fact that
this individual learned to control his environment for a time by
the use of smell may have unfitted him in part for visual dis-
crimination. And yet the other animals acquired it more or
less easily. I have obtained another individual which is to be
put to work on the same problem, along with a cat, m order to
throw light on the question whether the carnivora have poor
vision, or whether the test made on this dog was unfair to him.
I may add that the present gratings are too fine for satisfactory
worK with the dog. They do not permit test-bands wider than
4 mm. to be used satisfactorily. Above that value, parallax is
present, and the angle of rotation is very small, so that a very
small change in the setting of the micrometer screw produces a
very large change in the width of the test-bands. If an animal's
threshold lies in this region the steps which can be taken are too
large for convenience.
Both the monkeys used were very active in the experiment-box.
When I introduced punishment in the tests on Monkey 1 he had
been maintaining an accuracy record of 80% for several con-
secutive daily series of trials. His responses were made without
comparison, however. Punishment was not satisfactory. At
this time the grill forming the floor of the alley under the negative
test-field carried an induced charge all the while the stimuli
were being presented. In one sense the charge was not unduly
heavy. The animal would frequently sit on the charged grill
for several minutes, chattering, and picking at different parts
of his body. Occasionally he would touch the grill with his hand,
give a sudden, though not loud, exclamation, and put his fingers
into his mouth. But he showed a decided aversion to touching
the grill while choosing, and developed numerous methods of
getting through the alley without doing so. I had not sue-
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ceeded in circumventing all these methods at the time of his
death. Monkey 2 developed a similar tendency. I never used a
charge heavy enough to make him tend to avoid the alley where
he was last shocked. When I introduced punishment into the
work on him I had already changed the wiring of the box as des-
cribed above. He has taken one of the grills by the free end
and depressed it ten or twelve times in rapid succession uttering
a slight exclamation at each shock. And yet he avoided touching
them while making a choice. The long breaks in his record
prior to March 11 are due to-the necessity of modifying the box
so as to limit his movements. The change which finally proved
effectual was installing a removable wooden partition extending
across the box at the entrance to alleys A1 and A2 from floor to
ceiling. It contained two windows each 4 inches square, so
placed that its axis coincided with that of the test-object at the
other end of the alley. The animal crawled slowly through the
window at each trial and dropped on to the grill. The position
of the windows permitted the animal to view the test-objects
normally but prevented him from viewing them simultaneously
as the dog and the chicks could do. This was undesirable, and
at the suggestion of Professor Watson I substituted for the wooden
partition one made of plate glass 1-4 inch thick containing
circular windows 4 inches in diameter corresponding to those
in the wooden partition. The change caused no disturbance.
As the test-bands were reduced in width to the* point where dis-
crimination became difficult, the monkey would come to the
partition and bring his head before first one opening and then
before the other in rapid succession. In the latest stages of
work on this problem he would sometimes peer through a given
opening two or three seconds. In the earlier stages he apparently
regarded the stimuli through the plate glass, and his movements
were very rapid.
It has probably occurred to the reader that it was possible
for this animal to extend his head several inches through these
windows without dropping on to the grill. Thus he could bring
his eye nearer to the test-object than the 60 cm. distance which
the partition fixed. This would have introduced a variable
factor hard to control. Until May 7 I did not watch the animal
in the act of choosing, but his movements were so rapid that I
could follow them by the noises he made with fair accuracy.
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Usually only a very short fraction of a second would elapse
between the noise of his rubbing against the window and the
flicker of the signal lamp. But as his responses became slower
I began watching him through a crack in the top of the box, and
continued from May 7 to the end of the tests. Between the 7th
and the 13th of Majr this irregularity never occurred; between
the 13th and the 31st, in a total of 360 trials, it occurred five times.
That is, the animal would extend his head and sometimes part
of his body through the window opening into the wrong alley,
and then reverse the choice without dropping on to the grill.
Each time I threw out the choice so made and repeated the trial
elsewhere in the series; four times the repetition resulted in a
correct choice and once incorrect. This shows that the distance-
factor is very constant and reliably controlled even in the case
of the monkey.
I found that the monkey was not disturbed by occasional
visitors when the latter were seated in an inconspicuous place.
For the purpose of getting suggestions as to possible secondary
sources of error I conducted several series of tests in the presence
separately of Dr. Cobb, Dr. Worthing, Mr. Cady and Mr.
Luckiesh of the research staff of this laboratory, and Dr. Breiten-
becker of the Western Reserve University.
Chick 1 is an unsatisfactory animal for this work because of
extreme excitability. It was difficult to control the current
used as punishment so as to affect him at all without so dis-
turbing him as to render him unfit for work. The learning
record in Table 3 shows that I did not always succeed in this
particular. Several times I had to remove him from the box
and leave him for 24 hours without food, in order to obtain
responses. At other times a rest of several days seemed necessary.
However, it was possible, by re-training him at larger stimulus-
values, to overcome such disturbances for the time, and he
actually yielded a slightly lower threshold than did Chick 2,
who was a much better subject. The learning record of the
latter I consider quite good.
Reduced to terms of visual angle subtended by individual
striae, the values taken as the stimulus-threshold are for Chick 1,
4' 04"; for Chick 2, 4' 14"; for Monkey 2, 57". Generally
speaking, such " threshold-values " obtained by the discrimina-
tion should not be construed too rigidly. They certainly are not
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TABLE I
RECORD OF DOG 1
_"§" o £ o
Date ~~Z 1 ^ | " 1 Remarks
;g.g g-3 § E'S
&n z'S zS-S
Dec. 10 2 230 8 4 Refused to work after trial (7).
" 1 1 2 230 10 4 Refused to work for three hours.
" 12 2 230 16 7
" 13 2 230 16 4 Invariable choice of Rfb.
'• 14 2 230 16 8 Preference for Rfb.
" 15 2 230 16 6
" 16 2 230 10 2 Invariable choice of Rfb.
" 17 2 230 10 3 Invariable choice of Rfb. Light charge on grills.
" 18 2 230 10 3 Invariable choice of Rfb. Charge increased.
" 19 2 230 10 3 Invariable choice of Rfb. Charge increased further.
" 20 2.230 15 6 Position habit interrupted.
" 21 2 230 10 4 Preference for Rfb; disturbed by punishment.
" 22 2 230 10 6 Preference for Rfb; disturbed by punishment.
" 2 3 2 230 10 8 No position preference.
" 24 2.230 10 9
" 25 2.230 10 9
" 2 6 2 230 10 9
" 27 2 230 10 10
" 28 2.230 10 10
Jan. 7 2 230 10 10
" 8 2 230 10 10
" 9 2 230 10 9
" 10 2.230 10 10
" 11 2 230 10 10
" 12 2 230 10 10 Considered ready for stimulus-threshold tests.
'• 13 2 168 10 10
" 14 2 138 10 8
" 15 2 138 10 9
" 16 2.138 10 3 Great disturbance at punishment; behavior ambig-
uous.
" 16 2 138 10 9 Made as control test three hours later.
" 17 2 138 10 8
" 18 2 138 10 10
" 19 1 951 10 10
" 20 1.951 10 8
'• 21 1 951 10 10
" 22 1 735 10 9
" 23 1.735 10 10
" 24 1 561 10 10
" 25 1 419 10 10
" 26 1 419 10 10 First appearance of sniffing reaction; see note.
" 27 1 301 10 10 Sniffing pronounced; see note.
" 28 1.301 10 7 Control-test; method of giving punishment
changed.
" 29 1.301 10 4
" 30 1.561 10 7
" 31 1 561 10 411
 31 2.230 10 5
Feb. 1 2.230 15 7
" 3 2.230 10 7 Not worked previous day; box being altered.
" 4 2.230 10 4
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Remarks
Regarded as not being affected by stimulus-
difference
Size of stnae reduced to avoid parallax disturbance.
Sniffing habit interrupted.
Sniffed three times; made two wrong choices.
Sniffed at one trial; chose wrong alley.
Sniffed at one trial; chose wrong alley.
Disturbed by punishment; preference for Rfb.
Preference for Rfb; no sniffing.
Sniffed at two trials, both choices wrong.
No sniffing.
Invariable choice of Rfb, punishment increased.
Preference for Rfb; greatly disturbed by punish-
ment.
No position preference; less excitable than before
rest.
Considered ready for control.
Sniffed at three trials after making two errors;
both choices wrong.
Preference for Rfb; punishment increased.
Preference for Rfb
Preference for Rfb.
Preference for Rfb.
No work since 18th; preference for Rfb.
Not worked previous day; preference for Rfb.
Preference for Rfb.
Preference for Rfb.
Preference for Rfb.
No position preference.
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TABLE 2
RECORD OF MONKEY 2
E" oS o
Date £ ^ IS? •§&§ Remarks
^ • S Zi: £8-8
Jan. 26 2 230 10 7 Not punished.
" 27 2.230 10 7
" 2 8 2.230 10 4 Invariable choice of Lfb.
" 29 2.230 10 5 Preference for Lfb.
" 30 2.230 10 2 Punishment introduced. Avoided grills; removed.
Feb. 1 2.230 10 5
" 3 2.230 10 4 Responses slow.
" 4 2 230 2 1 Avoided grills; removed.
Mar. 11 2 230 10 8 First day with wooden partition.
" 12 2 230 10 4 Preference for Lfb.
" 13 2.230 10 8 Punishment introduced and continued thenceforth.
" 14 2.230 10 7 Preference for Rfb
" 15 2.230 10 5 Preference for Rfb.
" 16 2.230 10 7 Preference for Rfb.
" 17 2.230 10 4 Preference for Rfb.
" 18 2 230 10 5 Preference for Rfb.
" 19 2.230 10 5 No position preference.
" 20 2.230 10 6 Preference for Lfb.
" 21 2 230 10 6 Preference for Lfb.
" 22 2 230 10 5 Preference for Rfb.
" 2 3 2.230 10 6 Preference for Rfb.
" 24 2.230 10 5 Preference for Lfb.
" 25 2.230 10 7 Preference for Rfb.
" 26 2 230 10 6 Preference for Rfb.
" 27 2 230 10 7 Preference for Rfb.
" 28 2.230 10 7 Preference for Rfb.
Apr. 4 2.230 10 9 No position preference.
" 5 2 230 10 9
" 6 2.230 10 10 " ' "•
" 7 2 230 10 10
" 8 2 230 10 10 Not worked again until 14th.
" 14 2.230 10 9
" 15 2.230 10 9
" 16 2 230 10 10
" 17 2.230 10 10
" 18 1.951 10 9
" 1 9 1 951 10 9 Ate little; responses slow.
" 2 0 1.951 10 10 Glass partition used henceforth.
" 21 1.951 10 10
" 22 1.735 10 10
« 23 1.561 10 10
« 24 1.419 10 10
" 25 1.301 10 10
" 26 1.201 10 10
" 27 1.115 10 10
" 28 1.041 10 9
" 29 0.975 10 10
" 30 0 940 10 10
May 1 0.867 10 10
" 1 0.822 10 10
" 2 0.781 10 10
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TABLE 2—Continued
RemarksDate
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0.743
0.710
0.679
0.650
0 624
0 600
0.578
0.558
0.538
0.520
0.504
0.488
0.473
0.459
0.441
0 434
0 422
0.411
0.400
0 390
0.381
0 372
0.363
0.355
0 347
0.339
0 332
0 325
0 318
0.312
0 306
0 300
0 294
0 289
0.284
0 279
0.274
0.269
0 264
0.260
0.256
0.252
0.248
0 244
0 240
0.236
0.233
0.230
0 226
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0.217
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Ate little and responded slowly.
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TABLE 2~Coniinued
Date
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0 177
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9
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10
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7
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Responses slow; ate little.
•-
Taken as threshold; subtends 57" of V. A.
TABLE 3
RECORD OF CHICK 1
u
m
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r 
o
f
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ec
t § Remarks
5£* u u
4
4
3
5
4
6
4
5
5
5
7
7
5
4
5
4
3
4
3
7
3
8
In general room illumination.
Very light charge on punishment grills.
Learned to leap from charged grill into entrance
of food boxes.
Additional gnll placed in entrances to food boxes.
Preference for Rfb; not worked previous day.
Tendency to choose in rhythmic alternation.
Tests discontinued until January 7.
This and succeeding senes in darkness. No
punishment.
Preference for Rfb; very slow, no punishment.
Preference for Rfb; no punishment.
No punishment.
Preference for Rfb; no punishment.
Light charge on punishment grills.
Charge increased; no effect.
Very much slower; tendency to stand on charged
grill.
Responses very slow,; charge reduced.
Invariably choice of Rfb.
Preference for Rfb.
Position habit interrupted by punishment.
Very slow.
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Date
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2 230
1 951
1 735
1 561
1 419
1 301
1 201
1 115
1 041
0 975
2 230
0 975
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0 975
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10
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9
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7
7
10
10
8
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6
Remarks
Very slow.
Refused to work after trial 8
Not punished; first work since 24th.
Not punished.
Not punished.
Not punished.
Light charge on grills.
Disturbed by " inductive kick; " wiring recently
changed.
Refused to work, not fed; had fought most of day.
Quite excitable; had been isolated in strange
quarters.
Still excitable.
Not fed previous day; had refused to work.
Considered ready for tests on stimulus-threshold.
Refused to work when width of striae was reduced.
Refused to work when width of striae was reduced.
Refused to work for 20 minutes at first trial.
Very excitable.
Strong tendency to inhibit entrance to Lfb.
Same tendency.
Not punished.
Tendency to choose last feeding-place; light
charge on grills.
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TABLE 3—Continued
Date tS^T •§ „' - S H I Remarks
S-g §« gfc'S
£i Z'S Z8-S
Mar. 14 2 230 5 5
" 14 1 561 5 5
" 15 1.561 5 5
•' 15 1.301 5 5
" 15 1 115 10 10
" 16 1 115 5 5
" 16 1.041 5 5
" 16 0 975 10 10
" 17 1 041 5 5
" 17 0 975 5 5
" 17 0 940 10 9 Not punished.
" 18 0.975 5 5
" 18 0.940 5 5
" 18 0.867 10 9
" 19 0 940 5 5
" 19 0.867 5 4
" 19 0 822 20 17 Light charge on punishment grills.
" 19 0 781 5 4 Frightened by falling door; refused to work after
tnal 5.
" 2 0 2 230 5 5 Refused to work when width of striae was reduced.
" 21 2 230 5 5
" 21 1 561 5 5
" 21 0 975 5 5
" 21 0 867 10 10
" 22 1 561 5 5
" 22 0 975 5 4
" 23 0 975 5 5
" 23 0 940 5 4 Light charge on grills; not disturbed.
" 23 0 867 10 8 ^ *
" 23 0 822 20 15
" 23 0 940 5 5
" 24 0 867 5 4
" 24 0 822 10 9
" 25 0 940 5 4
" 25 0 867 5 4
" 25 0 781 10 8
" 25 0.743 10 7
" 26 1 115 10 9
" 26 0 867 5 5
" 26 0 781 5 5
" 26 0 710 10 7
« 27 1.041 5 5
" 27 0 822 5 5
" 27 0 679 10 2 Irregular position choices without hesitation.
" 27 1 041 5 5 Width of 0.710 taken as threshold value; subtends
4' 4" of visual arc at distance given—60 cm.
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TABLE 4
RECORD OF CHICK 2
^ E O a O
Date S^ •§£? -ItiS Remarks
*% ZS 18-6
Dec. 18 2.230 10 4 In general room illumination.
" 19 2.230 10 4 Very light charge on grills; no disturbance.
" 20 2.230 10 4
" 21 2.230 10 3 Tendency to choose box where last fed.
" 22 2.230 10 2 Tendency to choose box where last fed.
" 24 2 230 10 7 Not worked previous day; box being altered.
" 2 5 2.230 10 3 Disturbed by punishment.
Jan. 7 2.230 4 1 Greatly disturbed by punishment; removed.
" 8 2 230 10 6 Very inactive; charge reduced.
" 9 2.230 10 4 Inactive.
" 10 2.230 10 7 Under dark-room conditions; not punished;
inactive.
" 11 2 230 10 9 Not punished; this and following series in darkness.
" 12 2 230 10 9 Not punished; responses slow.
" 13 2.230 10 9 Not punished; slept 23 minutes; active after trial 3.
" 14 2 230 10 7 Light charge on grills.
" 15 2.230 10 5
" 16 2.230 10 9
" J7 2.230 10 7 Very slow.
" 18 2.230 10 8 Very slow.
" 19 2.230 10 9
" 20 2.230 10 8
" 21 2.230 10 10 Considered ready for stimulus-threshold tests.
" 22 1.951 10 10
" 23 1.951 10 10
" 24 1.735 10 10
" 25 1.561 10 10
" 26 1.419 10 10
" 27 1.301 10 10
" 28 1.301 10 8
" 29 1.301 10 8
" 30 1 301 10 10
" 3 1 1 201 10 9
Feb. 1 1 201 10 8
" 1 1.201 10 6 Series delayed about 5 hours.
" 3 2.230 10 10 Preliminary practice series deemed advisable.
" 3 1.201 10 10
" 4 2.230 10 10
" 4 1.115 10 10
" 5 2.230 10 9
" 5 1.041 10 10
" 6 2.230 10 10
" 6 0.975 10 10
" 7 2 230 10 10
" 7 0.940 10 8 Bird in poor condition after prolonged fighting.
" 8 2.230 10 10
" 8 0.867 10 5 Greatly excited by " inductive kick; " see note .
« 9 2.230 5 4
" 9 0 867 10 8 One wing badly lacerated from fighting.
" 10 2 230 5 5
" 10 0.781 10 8
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4—Continued
point taken ;
Remarks
p p
poses of succeeding work. Each of the individual
striae subtends 4' 14" of visual angle at distance
--given—60 cm.
amenable to statistical treatment. As soon as the problem
reaches a certain stage of difficulty, old variable factors, " position-
preferences," etc., reappear. It is estimated by students with
long experience in this work that the limit of accuracy in deter-
mining an animal's threshold is several per cent in either direction.
It would appear that such values as are found show the order
rather than measure the limit of his ability.
For the sake of those who are especially interested in a com-
parison of the vision of other animals with human vision under
similar conditions I have also used some human observers in
this work. It was impracticable at this time to resort to the dis-
crimination method with them, owing to other work which could
not conveniently be interrupted. • Using the same test field as
was used with these animals, under the same conditions of
illumination, and at the same distance from the eye, I tested the
threshold of five members of this staff by the method of limits
with constant change of stimuli. At each observation the
test-bands were made quite large and then gradually reduced,
the subject being instructed to announce when they became
invisible. They were then made still smaller and increased until
the subject announced that they were visible. The mean of
these two readings was taken as the threshold for that observa-
tion. This procedure was repeated ten times for each subject
and the mean threshold determined, the mean variation
being taken as indicating the reliability of the determinations as
the measure of his visual acuity. The subjects are all attached
to the research staff of this laboratory, four being physicists and
one a physiologist. All are skilled photometrists. Their results
are shown below, along with those obtained on J., a high, school
student.
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Subject
F
Co
L
Ca •
W
Average
J
Mean Threshold
48"
50"
54"
48"
46"
49"
54 "
M. V. %
3
3
3
2
4
3
4
I do not •wish to be understood as presenting these results
as data fit for strict comparison with the results obtained by
the discrimination method. The attitude of the observer is
different in the two cases, and the problem is also different.
However, we may justly conclude from them that the visual acuity
of Monkey 2 is of the same order as that of the well trained
human observer under similar stimulus-conditions; while the
former showed a visual acuity on the order of four times as great
as that shown by the chicks. Closer comparisons are not
warranted.
SUMMARY
Definite positive results were not obtained in the tests made
on the dog. All his behavior is consistent with the hypothesis
that he is insensitive to differences of detail in visual objects.
The results are not definite enough to warrant such conclusion,
however.
The visual acuity of the monkey compares favorably with
that of the human subject under similar conditions.
The visual acuity of the chicks appears to be not over one-
fourth that of the monkey under similar conditions.
The dog's behavior demonstrates the necessity of eliminating
the possibility of the animal choosing or rejecting an alley on
the basis of the presence or absence of electrical charge. The
precaution taken in this work is adequate for that purpose.
The present results raise further questions: what are the
optimal conditions as to brightness, surroundings, distance of
test-fields, range and relative intensities of wave-lengths and
adaptation for visual discrimination in these animals, as deter-
mined in similar tests ?
